Vhen concrete is intensely heated during fire, creeping of temperatures in the region of 100°C are often observed. To simulate this phenomenon, a simple mathematical model for heat and moisture transfer in concrete is presented. The model takes into account the conservation of heat, water vapor and liquid Hater. As to the Hater contained in concrete, reversible evaporation of adsorbed Hater in the pores and irreversible thermal decomposition of chemically adsorbed water in cement paste are considered.
concrete is intensely heated during fire, creeping of temperatures in the region of 100°C are often observed. To simulate this phenomenon, a simple mathematical model for heat and moisture transfer in concrete is presented. The model takes into account the conservation of heat, water vapor and liquid Hater. As to the Hater contained in concrete, reversible evaporation of adsorbed Hater in the pores and irreversible thermal decomposition of chemically adsorbed water in cement paste are considered.
These equations are so-called stiff equations and rather difficult to solve. For numerical stability, they are formulated by using integral equations coupled Hith the diagonally implicit Runge-Kutta method. NumerLoa.L solution of the model is compared Hi th the experimental data. In these models, the conservation of Hater vapor is not included. In spite of this simplification, these models give reasonable results for engineering purposes. Models which take into account the movement of water vapor and liquid vlater are also presented by many authors (Harmathy/ They solve sophisticated equations of simultaneous heat and moisture transfer.
The model He treat here is a simple diffusion model. It consists of a heat transfer equation, conservation of Hater vapor and liquid water in the pores. As to the water contained in concrete, not only the evaporation of physically adsorbed water, but also thermal decomposition of chemically adsorbed water in cement paste are considered. and the rest is contained in the pores as liquid water and water vapor. Water vapor is mixed with air.
This porous system is shown in Figure 1 . The water content is defined as the sum of physically adsorbed water and chemically adsorbed water. To simplify the heat and mass transfer in this system, the following assumptions are made. 1) Heat flows through the solid matrix only: Heat flux due to convection in the pores is neglected. 2) Viater vapor is transferred by diffusion only. Convection due to total pressure gradient is neglected. 3) Liquid water is transferred by diffusion only. 4) Air is purged in the early stage of heating. Therefore, treatment as a binary mixture of water vapor and dry air is omitted.
GOVbRNING EQUATIONS
The governing equations for conservation of heat, water vapor and liquid water are
The source term, the rate of local evaporation, in equations (1), (2) and (3), is defined as
The first term in equation (4) 
equation (4) represents the thermal decomposition water. This takes place at high temperature since detailed information on the mechanism of not available, we applied empirical Arrhenius Ad and Ed can be determined by thermo-gravimetric
The second term in of chemically adsorbed irreversibly. However, thermal decomposition is equations. Coefficients analysis.
At normal temperature, the second term is negligible in comparison with the first, but at a high temperature (about 100°C), the orders of these two terms become comparable, and at a still higher temperature, the second becomes dominant.
Boundary Conditions
Boundary conditions are given in order to fit to the experiments described later(See Figure 3) .
In the test of the composite slab, the exposed surface is covered with a steel plate, therefore
, (9), (10) In these equations, symbol n denotes inward normal.
NUNERICAL PROCEDURE Governing equations (1) to (13) are to be solved numerically. For numerical stability, we transformed to integral equations, and used the implicit Runge-Kutta method. To save space, only the main points for equation (1) will be shown.
The same procedure should be applied to equations (2) and (3).
Transformation into an Integral Equation
To be applicable to the two dimensional problems, tHO dimensional formulations are described as follows.
HOHever, the calculations are carried out for the one dimensional case to compare them Vlith the experiments.
The fundamental solution of the two dimensional Laplace equation is
Surface;Samb is the distance from the reference point p to the moving point G pqsatisfies V2G =0, when riO. Rearranging equation (1) 
Space Discretization
Dividing the domain A into rectangular elements as ahown in Figure  2b ), and assuming that temperature, material properties and rate of local evaporation are constant in each element, equation (17) can be reduced to the system of ordinary differential equations. 'I'he same pr-ocedur-e is applied to equations (2) and (3), and we get au (-) = f(u,t) . 
In this equation, function l' is evaluated by u ., known at the beginninc of the time step~,l equations are to be solved to get un,i.
These values are not Thus, the f'o l Low.ing u + n lI t a 11 flu 1,t 1)
The values of u . obtained in this way, are used in equation (20) The specimen size is 880x1000x100mm. The specimen's bottom and sides are covered with 1.6mm thick steel plate to simulate a composite floor(deck plate). The specimen is horizontally suspended by wire ropes from a load cell, and its bottom surface is heated. The weight is continuously recorded during the test. Thermocouples are located on the steel plate, on the bottom surface of the concrete, at 25,50,75mm from the bottom of the concrete, and on the top surface( Figure   3 In these three experiments, the "Time-Temperature area"(F'igure 4) is kept constant, but the temperature itself differs .:1 OI~. Current J·IS regards these three heating conditions to be Hithin the error tolerance.
The initial Hater content of the three specimens varied slightly. 2) Creeping temperature is about 100 to 140°(; both in experiments and calculations. These temperatures become higher when the mearmring point is nearer to the exposed surface.
In Figures these figures, small oscillations appear. They are not intrinsic, but are the effect of discretization. 'l'hey can be reduced by using small grid sizes and small time increments. H01'JeVer, the computing time then becomes longer. (Computing time vias about 80 seconds for each calculation) In Figures 5c) ,6c) and 7c), the history of water content is shown , \~ater coritent of each point initially rises due to tilC diffusion of hot water vapor from the zone of exposed surface, but falls as the ten:perature of' the point begins to rise.
The measured and calculated Height loss of each specimen are shoun in Figure 8 . 'i'he Height loss is calculated by the f'o l.Low.l ng equation, (24) • To reduce the difference betHeen measured and calculated rcsults, the following factors should be taken into account:
1) The material properties of concrete should be precisely measured.
2) The heat applied to the specimen should be prec i.s eLy measured. In actual furnace conditions, radiative heat flux plays an .i.nport.ant, role. A properly estimated heat transfer coefficient is needed.
3) Decomposition, Hhich take place at much higher temperatures, should be precisely measured and taken into account. These reactions also work as a heat sink. 
